[Abstract] Nitric Oxide (NO) is a highly-reactive radical gas that can modify a variety of cellular targets in both eukaryotes and bacteria. NO is produced endogenously by a wide variety of organisms: For example, as a cell-signaling molecule in mammals and bacteria via nitric oxide synthase (NOS) enzymes, and as a product of denitrification. As such, it is of great benefit to NO researchers to be able to sensitively detect intracellular NO and stable reactive nitrogen species (RNS) derived from NO. To this end, a protocol for fluorescent detection of intracellular NO/RNS in biofilm cultures of the Gram-positive pathogen Staphylococcus aureus has been optimized using the commercially-available cell-permeable fluorescent stain 4-Amino-5-Methylamino-2',7'-Difluorofluorescein Diacetate (DAF-FM diacetate). This compound diffuses into cells and intracellular cleavage by esterase enzymes liberates weaklyfluorescent DAF-FM, which reacts with NO or other specific RNS to become highly fluorescent (Kojima et al., 1999) . Although quantification of fluorescence is performed using a fluorescent plate reader, it is envisioned that this protocol could be adapted for intracellular NO/RNS imaging of S. aureus biofilms by confocal microscopy. Likewise, this technique could be optimized for the detection of intracellular NO/RNS in other growth conditions (i.e., planktonic cultures) and/or in other bacteria/archaea. 
end, a protocol for fluorescent detection of intracellular NO/RNS in biofilm cultures of the Gram-positive pathogen Staphylococcus aureus has been optimized using the commercially-available cell-permeable fluorescent stain 4-Amino-5-Methylamino-2',7'-Difluorofluorescein Diacetate (DAF-FM diacetate). This compound diffuses into cells and intracellular cleavage by esterase enzymes liberates weaklyfluorescent DAF-FM, which reacts with NO or other specific RNS to become highly fluorescent (Kojima et al., 1999) . Although quantification of fluorescence is performed using a fluorescent plate reader, it is envisioned that this protocol could be adapted for intracellular NO/RNS imaging of S. aureus biofilms by confocal microscopy. Likewise, this technique could be optimized for the detection of intracellular NO/RNS in other growth conditions (i.e., planktonic cultures) and/or in other bacteria/archaea. 2. *Use a single S. aureus colony (from TSA plate in step 1) to inoculate 3 ml of biofilm media in a sterile plastic culture tube. Grow in shaking incubator at 37 °C, 250 rpm for 16 h. aureus overnight culture using a spectrophotometer. Use sterile TSB as a blank control for the spectrophotometer. Multiply this reading by 20 to calculate the actual OD600/ml of the overnight culture.
Materials and Reagents

Wrapping film (Fisher Scientific
6. Calculate how much overnight culture to use to inoculate 1 ml biofilm media to a final OD600/ml = 0.05. Scale-up the volumes as necessary depending on the number of biofilm wells you plan to inoculate, and add 1 ml to account for pipetting error (In this particular sample protocol, 3 biofilm wells will be inoculated, therefore 4 ml of biofilm media containing diluted overnight culture is needed.).
7. Using the P1000 pipette, carefully withdraw all plasma solution from each well of the 24-well plate. Tip the plate at a 15-30° angle and pipette from the corner of each well to ensure complete removal of the plasma solution.
8. *Mix the diluted overnight culture (in this example 4 ml of diluted overnight culture in biofilm medium) by vortexing for 5 sec at top speed, and immediately transfer 1 ml to 3 plasma-coated wells from step 7.
9. *Transfer 1 ml of sterile biofilm media to the forth (empty) plasma-coated well. This will serve as a negative control for aseptic technique.
10. Place 24-well tissue culture plate in 37 °C plate incubator and grow for 7 h. 14. While samples are centrifuging in step 13, dim the lights, remove a 5 µl aliquot of 5 mM DAF-FM diacetate stock solution from the -20 °C freezer, and thaw by vortexing.
Note: DAF-FM is very light sensitive so be sure to perform all subsequent steps with the lights lowered. Dim ambient light (i.e., natural light from windows) is acceptable as long as the DAF-
FM is not directly exposed to the light source. 17. *Resuspend each cell pellet in 1 ml of 5 µM DAF-FM diacetate (prepared in step 15). S. aureus cell pellets will not resuspend well by vortexing alone, so use the P1000 pipette to break apart the cell pellet by scraping and pipetting (Video 3), then vortex the tube at top speed for 10 sec.
Video 3. Demonstration of cell pellet resuspension in DAF-FM diacetate solution
18. Incubate all tubes for 60 min at 37 °C in the plate incubator. Tubes may be covered in foil to reduce exposure to ambient light if this is a concern.
19. While cell suspensions are incubating in step 18, freshly prepare the following solutions: 100 µM DEA in 1x HBSS, 100 µM DEA/NO in 1x HBSS.
20. Collect cell pellets by centrifugation for 5 min, 17,000 x g at room temperature.
21. *Discard supernatants as described in step 16 and Video 2.
22. *To wash residual extracellular stain from cell pellets, resuspend each pellet in 1 ml 1x HBSS buffer as described in step 17 and Video 3.
23. Collect cell pellets by centrifugation for 5 min, 17,000 x g at room temperature.
24. *Discard supernatants as described in step 16 and Video 2. 2. Experiments should be repeated 3-6 times for adequate power for statistical analysis. In our experience the data tends to follow non-normal distribution, thus non-parametric tests are used to analyze the data for significance.
3. Although DAF-FM can also react with certain RNS such as nitrosonium ions, the majority of the fluorescent signal has been shown to be due to NO (Kojima et al., 1998a , Kojima et al., 1998b .
Since the NO radical itself is relatively unstable and may quickly yield other RNS upon exposure to cellular components, intracellular DAF-FM fluorescence should be considered an indirect measurement of NO levels. However, when developing this assay for other bacterial or archaeal species, the DAF-FM diacetate concentration used, staining incubation time (step 17), and timing/frequency of fluorescent measurements (step 27) will require careful optimization. Per the manufacturer's instructions, it is suggested that a concentration range of 1 µM-10 µM DAF-FM diacetate and 15-60 min staining time be initially tested to determine the optimal parameters for the experiment.
According to the manufacturer's protocol, it may take an additional 15-30 min after the initial DAF-FM staining step to allow complete de-esterification of the intra-cellular diacetates and liberation of intracellular DAF-FM. It is also recommended to run the appropriate DEA/NO and cPTIO controls when optimizing this assay. If results under optimized assay conditions are reproducible, these controls may be omitted from future experiments in order to be able to
